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PREPARATION OF PLATINUM(II) COMPLEXES 



BACKGROUND OF THE INVENTION 

THIS invention relates to the preparation of a platinum(ll) complexes 
containing a neutral bidentate ligand, such as cis-oxalato(fraA7s-£-1 ,2- 
cyclohexanediamine)platinum(ll) (also l<nown as oxaliplatin), which has 
become increasingly important due to its anti-cancer activity. 

Dicarboxylatoplatinum(ll) complexes (such as oxaliplatin) containing a 
neutral bidentate ligand ("non-leaving group") have in the past been 
synthesized by way of a process that utilizes a silver salt to remove halide 
ions from the complex. The use of a silver compound in the process results 
in numerous contaminants, which must be removed by further processes in 
order to achieve purity that is suitable for anti-cancer pharmaceutical agent 
purposes. 

CONFIRMATION COPY 
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Oxaliplatin and its pharmaceutical properties were first disclosed by Kidani 
et al. in J Med Chem, 1978, 21, 13135 and in United States Patent No. 
4,169,846. In tills patent a halogenoplatlnum compound is used as the 
starting material. Halide ions are removed by a silver salt, whereafter an 
oxalate is introduced, either as the free acid or a salt thereof. 

In general, a method for the production of oxaliplatin is as set out below: 

Step 1. 

1 mol K2PtX4 + 1 mol L ^ PtLXs 

X = CI, Br, I and L = frans-t-1,2-diaminocyclohexane 

Step 2. 

1 mol PtLXa + 2 mol AgNOg PtL(H20)2^^ + 2AgX + 2NO3" 

or 

1 mol PtLX2 + 1 mol Ag2Y ^ PtL(H20)2^^ + 2AgX + Y^" 
Y = S04^" 

Step 3. 

PtL(H20)2^^+Z2(oxalate) ^ PtL(oxalate) + 2Z^ 
Z = K^ Na"^ or 

US Patent No. 5,290,961 in the name of Tanaka Kikinzoku Kogyo K.K. 
teaches that the abovementioned method has the disadvantage that many 
impurities are incorporated into the products. These impurities include 
unreacted PtLX2, AgX and Ag"*". The presence of PtLX2 is attributed to its 
generally insoluble nature in water. As a result, large quantities of water 
must be used in step 2 to dissolve PtLX2. This prevents the AgX, even 
though it is insoluble in water, from being completely removed from the 
solution. US patents no's. 5,338,874 and 5,420,319, also in the name of 
Tanaka Kikinzoku Kogyo K.K., teach processes for the production of cis- 
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oxalato(frans-e-1,2-diaminocyclohexane)platinum(II) with high optical purity 
which can be used as an active pharmaceutical ingredient of a carcinostatic 
agent. However, these processes also follow complicated multi-step 
pathways, making use of silver compounds which must also ultimately be 
removed from the process. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is provided a method for 
the preparation of a platinum(ll) complex containing a neutral bidentate 
ligand, such as oxaliplatin, the method including the step of reacting a 
halogenoplatinum complex containing a neutral bidentate ligand, typically a 
halogenoplatinum(ll) complex containing a neutral bidentate ligand, with an 
oxalate salt in a solvent, wherein more than 1 g/L of the oxalate salt is 
soluble in the solvent. 

The solvent may be an aqueous solvent, a non-aqueous solvent or a mixed 
solvent system (by mixed solvent system is meant a solvent mixture 
containing a non-aqueous solvent and water). 

Preferably, the halogenoplatinum(ll) complex containing a neutral bidentate 
ligand is reacted with the oxalate at a molar ratio of greater than 1:1, 
typically between 1:1 to 1:15, preferably between 1:1 and 1:5. 

The reaction typically takes place at a temperature in the range from 40 to 
lOO^C, preferably from 50 to 100°C, most preferably from 60 to 90°C. 

Preferably, the reaction takes place in a non-aqueous solvent or a mixed 
solvent system. 

The non-aqueous solvent is preferably an organic liquid, typically an amide 
such as dimethylformamide (dmf). 
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The neutral bidentate ligand in the halogenoplatinum complex may be an 
amine such as 1 ,2-diaminocyclohexane, or the neutral bidentate ligand may 
contain donor atoms other than N, or N together with a donor atom other 
than N, typically S or Se. for example: 

• neutral bidentate heterocyclic amines with an S donor atom (for 
example thioetherial groups), such as: 

1-alkyl/aryl-2-al[<ylthioall<yl/aryl heterocyclic amines, particularly imidazoles 
or pyridines, for example: 

Ligand (i) 1-methyl-2-methylthiomethyl-imidazole 
Ligand (ii) 1-methyl-2-methylthioethyl-imidazole 
Ligand (iii) 1 -methyl-2-methylthiopropyl-imidazole 
Ligand (iv) 1-butyl-2-methylthiomethyl-imidazole 
Ligand (v) 1-butyl-2-methylthioethyl-imidazole 
Ligand (vi) 2-methylthiomethyl-pyridine 
Ligand (vii) 2-methylthioethyl-pyridine 
Ligand (viii) 2-methylthiopropyl-pyridine; 

• aminoalkylthioalkyl/aryl compounds for example: 
Ligand (ix) 1-amino-2-thiomethyl-ethane 

Ligand (x) 1-amino-2-thioethyl-ethane; 

• dithioethers for example: 
Ligand (xi) 2,5-dithiahexane; 

• diselenoethers for example: 
Ligand (xii) 2,5-diselenohexane; etc. 

The halogen in the halogenoplatinum(ll) complex may be CI, Br or I, 
preferably CI. 

New halogenoplatinum(ll) complexes containing S or Se donor atoms 
which may be used in the method of the invention include: 
Complex (xi) bis-chloro-(1 -methyl-2-methylthiomethyl-imidazole)platinum(II) 
Complex (xii) bis-chloro-(1 -methyl-2-methylthioethyl-imidazole)platinum(l I) 
Complex (xiii) bis-chloro-(1 -methyl-2-methylthiopropyl-imidazole)platinum(II) 
Complex (xiv) bis-chloro-(1 -butyl-2-methylthiomethyl"imidazole)platinum(!l) 
Complex (xv) bis-chloro-(1 -butyl-2-methylthioethyl-imidazole)platinum(ll). 
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Advantageously, the halogenoplatinum{ll) complex containing a neutral 
bidentate ligand is optically pure. 

The oxalate may be a metal oxalate other than silver oxalate or an organic 
oxalate salt. 

In a first preferred embodiment of the invention, the oxalate is a metal 
oxalate other than silver oxalate, typically an alkali metal oxalate such as 
rubidium or cesium oxalate, preferably cesium oxalate, and the solvent is a 
mixed solvent system. 

The mixed solvent system is preferably a mixture of an amide e.g. 
dimethylformamide (dmf) and water, preferably at a ratio of dmf to water of 
60:40 by volume to 90:10 by volume, most preferably 70:30 by volume to 
90:10 by volume. 

Preferably, the solubility of the metal oxalate in the solvent is greater than 2 
g/L, most preferably greater than 3 g/L, typically about 5 g/L. 

Preferably, the halogenoplatinum(ll) complex containing a neutral bidentate 
ligand is dissolved in the organic liquid such as dmf and thereafter water is 
added to provide a solvent which is a mixture of organic liquid and water. 
The metal oxalate may be dissolved in a mixture of organic liquid and water 
and added, typically drop-wise, to a solvent containing the 
halogenoplatinum(II) complex containing a neutral bidentate ligand. 

The reaction typically takes place at a temperature in the range of 40 to 
100°C, preferably 80 to 100°C, most preferably 90°C. 

The halogenoplatinum(ll) complex is preferably bis-chloro-(Yrans-{-1 ,2- 
diaminocyclohexane)platjnum(ll), most preferably cis-bis-chloro-(frans-«- 
1,2-diaminocyclohexane)platinum(ll). 
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In the second preferred embodiment of the invention, the oxalate is an 
oxalate salt such as a tetraalkyi or arylammonium compound, for example a 
tetraethylammonium, tetrapropylammonium, tetrabutylammonium or 
tetraphenylphosphonium oxalate, preferably tetrabutylammonium oxalate, 
and the solvent is a mixed solvent system or a purely non-aqueous solvent 
system. 

The mixed solvent system may be a mixture of a non-aqueous solvent such 
as dmf, and water, preferably at a ratio of dmf to water of 90:10 by volume 
to 95:5 by volume. 

Preferably, the organic oxalate salt has a solubility in the solvent of greater 
than 2 g/L, more preferably greater than 10 g/L, more preferably greater 
than 50 g/L, most preferably more than 100 g/L, and may be about 300 g/L. 

Preferably, the halogenoplatinum(ll) complex containing a neutral bidentate 
ligand is dissolved in an organic liquid and the organic oxalate salt is 
dissolved in an organic liquid and added, typically drop-wise, to the solvent 
containing the halogenoplatinum(ll) complex containing a neutral bidentate 
ligand. 

Water may be added to the organic liquid after the cis-bis-halogeno(trans-£- 
1,2-diaminocyclohexane)platinum(ll) has been dissolved in the organic 
liquid. 

The reaction typically takes place at a temperature in the range of 30°C to 
90°C, preferably 50°C to 70°C, most preferably 60°C. 

The halogenoplatinum(ll) complex is preferably bis-chloro-Cfrans-M ,2- 
diaminocyclohexane)platinum(ll), most preferably cis-bis-chloro(frans-i-1 ,2- 
diaminocyclohexane)platinum(ll). 

The invention also relates to a method for the preparation of an 
oxalatoplatinum(ll) complex containing a neutral bidentate ligand, such as 
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oxaliplatin, the method including the step of reacting a halogenoplatinum 
complex containing a neutral bidentate llgand, typically a halogenoplatinum 
(II) complex containing a neutral bidentate ligand, with a metal oxalate 
other than silver oxalate, in a mixed solvent system. 

The invention further relates to a method for the preparation of an 
oxalatoplatinum([l) complex containing a neutral bidentate llgand, such as 
oxaliplatin, the method including the step of reacting a halogenoplatinum 
complex containing a neutral bidentate ligand, typically a 
halogenoplatinum(ll) complex containing a neutral bidentate ligand, with an 
organic oxalate salt. 

New halogenoplatinum(ll) complexes having neutral bidentate ligands 

containing S or Se donor atoms include: 

Complex (xi) bis-chloro-(1 -methyl-2-methylthiomethyl- 

imidazole)platinum(ll) 

Complex (xii) bis-chloro-(1 -methyl-2-methylthioethyl-imidazole)platinum(ll) 
Complex (xiii) bis-chloro-(1-methyl-2-methylthiopropyl- 
imidazole)platinum(ll) 

Complex (xiv) bis-chloro-(1 -butyl-2-methylthiomethyl-imidazole)platinum(ll) 
Complex (xv) bis-chloro-(1 -butyl-2-methylthioethyl-imidazole)platinum(ll). 

The above new complexes may be used in methods of treating cancer in 
patients, and in methods of manufacturing medicaments for treating cancer 
in patients. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Optically pure ,2-diaminocyclohexane is used to prepare an 

optically pure halogenoplatinum complex containing a neutral bidentate 
ligand in the form of cis-bis-halogeno(trans-€-1 ,2- 
diaminocyclohexane)platinum(ll), from K2PtX4 where X=CI, Br, I, preferably 
X=CI. 
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The optically pure trans-t-1 ,2-diaminocyclohexane may be prepared by 
dissolving frans-1, 2-diaminocyclohexane In water and adding ^-tartaric acid 
to the solution by stirring continuously at 90°C. When all the tartaric acid is 
dissolved, glacial acetic acid Is added drop-wise while stirring. The mixture 
is heated for 1 hour at 90°C whereafter it is cooled to room temperature. 
The resultant white «-1 ,2-dlaminocyclohexane-t-tartrate is filtered and 
washed and oven dried. The salt is then crystallized out of the hot water 
and cooled. The recrystallized £-1,2-dlaminocyclohexane-^-tartrate is added 
to sodium hydroxide and dissolved In water. Once the amine has dissolved 
it is extracted with dichloromethane. The extracted dichloromethane 
portions are added together and dried with anhydrous sodium sulphate. 
iVIost of the solvent is removed by vacuum distillation. The last portion of 
solvent may be removed at atmospheric pressure to avoid the amine from 
distilling under vacuum, using an air condenser. 

The optically pure trans-M ,2-dlamlnocyclohexane is then reacted with a 
platlnum(ll) compound such as K2PtX4 where X is a hallde such CI, Br or I, 
typically KaPtCU, to form cis-bis-halogeno(fra/7s-t-1 ,2- 
diaminocyclohexane)platinum(ll), typically ciS"-bls-chloro-(frans-M ,2- 
dlaminocyclohexane)platinum(ll). This method Is described in Inorganica 
Chimica Acta (1985) 108 : pp 63-66 (the content of which is incorporated 
herein by reference). 

The optically pure cis-bis-halogeno(fraA7s-i-1 ,2- 

dlaminocyclohexane)platinum(ll), typically cis-bis-chloro-(frans-M ,2- 
diaminocyclohexahe)platinum(ll), is then reacted with a oxalate salt in a 
solvent. In prior art methods, such as those discussed in the background to 
the invention, silver ions are used in the production of oxaliplatin. Such 
reactions take place in an aqueous solution and silver chloride (AgCI) is 
formed as a by-product of the reaction. Less than 1 g/L of the cis-bis- 
chloro-(frans-£-1,2-diamlnocyclohexane)platinum(ll) is soluble in the 
aqueous solution, and the driving force of the reaction Is the Insolubility of 
the AgCI (which must be removed from the solution by filtration). According 
to an aspect of the invention, the inventor has found that it is advantageous 
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to carry out the reaction of the present invention in a solvent system in 
which more than 1 g/L of the oxalate salt is soluble. In this system, the 
driving force of the reaction is the fact that the oxalate ion in solution is 
dianonic and chelates to Pt(ll) resulting in a thermodynamically more 
favourable complex than chloride. Preferably, at least 5 g/L of cis-bis- 
halogeno(fra/7S-M ,2-diaminocyclohexane)platinum(ll) and oxalate salt, 
respectively, are in solution, A further advantage is that the insoluble AgCI 
by-product is not formed and it is possible to remove unwanted by-products 
by suitable washing. The solvent may be an aqueous solvent, but is 
preferably a non-aqueous solvent or a mixed solvent system (by mixed 
solvent system is meant a solvent mixture containing a non-aqueous 
solvent and water). 

In a first preferred embodiment of the invention, cis-bis-halogeno(fra/?s-{- 
1,2-diaminocyclohexane)platinum(II), preferably where the halogen is 
chloride, is dissolved in dimethylformamide (dmf) by heating the solvent in 
the temperature range of 40 to 100*C, preferably 80 to lOOX, most 
preferably 90°C. Water is then added to the solution to provide a mixed 
solvent system, in this case a mixture of dmf and water, at a temperature in 
the range of 40 to 100°C, preferably 80 to 100°C, most preferably 90**C 
which is a hot yellow solution of cis-bis-chloro-(frans-£-1 ,2- 
diaminocyclohexane)platinum(II). One molar equivalent of a metal oxalate, 
other than silver oxalate, e.g. rubidium or cesium oxalate (preferably 
cesium oxalate) is dissolved in a mixed solvent system comprising a 
mixture of dmf and water and added drop-wise to the hot yellow solution. 
The ratio of dmf to water is 87:13. The cis-bis-chloro-(fraA7S-«-1 ,2- 
diaminocyclohexane)platinum(ll) has a solubility of 10 g/L in the solution 
and the cesium oxalate has a solubility of 5 g/L in the solution. The reaction 
proceeds for 4hrs at 90**C in a closed system containing a nitrogen 
atmosphere where after, preferably, another molar equivalent of cesium 
oxalate dissolved in the mixed solvent is added drop wise. Preferably, 
water is added to bring the ratio of dmf to water to 70:30. The reaction 
proceeds for a further 2hrs. The cis-bis-chloro-(frans-M ,2- 
diaminocyclohexane)platinum(ll) and metal oxalate are reacted at an 
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overall molar ratio of greater than 1:1, preferably 1:2. The overall reaction 
takes 4-15hrs typically 6-8hrs upon which time the yellow colour fades. 
The non-aqueous solvent is then removed by vacuum and a crude 
platinum(ll) complex product, in this case an oxaliplatin product, is 
recovered. A higher yield of crude platinum(ll) product may be attained by 
introducing the metal oxalate at a larger excess after the reaction has 
proceeded for at least 4 hours or at approximately half of the total reaction 
time. The crude product is purified by washing several times (+ 4 times) 
with small portions of cold water. The residual solid is suspended in water 
for approximately 15 minutes at an elevated temperature (+ 70°C). The 
solution is then filtered and the filtrate vacuum evaporated. The residual 
solid is washed with small portions of dmf and finally with acetone and 
vacuum dried leaving a white solid, in the form of optically pure oxaliplatin, 
behind. The overall product yield is approximately 30%, with optical purity 
> 99.94%. 

In a second preferred embodiment of the invention, cis-bis-halogeno(fraA7s- 
M,2-diaminocyclohexane)platinum{l[), preferably where the halogen is 
chloride, is dissolved in a suitable non-aqueous solvent (preferably 
dimethylformamide (dmf)) by heating to 40 to lOO^^C, preferably 60 to TO^'C 
in an inert atmosphere to provide a hot yellow solution. A suitable organic 
oxalate salt, e.g. a tetra-alkyi or aryl ammonium compound such as 
tetraethyl, tetrapropyl or tetrabutylammonium oxalate is dissolved in the 
same type of solvent. The preferred organic oxalate salt is 
tetrabutylammonium oxalate. This solution is then added drop-wise to the 
hot yellow solution while stirring. Water may be added to the solution to 
provide a mixed solvent system. The cis-bis-chloro(frans-t-1 ,2- 
diaminocyclohexane)platinum(ll) and tetrabutylammonium oxalate are 
reacted at a molar ratio of greater than 1:1, typically between 1:1 to 1:10, 
preferably between 1:1 to 1:5, most preferably 1:3. The cis-bis-chloro- 
(frans-M,2-diaminocyclohexane)platinum(ll) has a solubility of 10 g/L in 
the solution and the tetrabutylammonium oxalate has a solubility of 300 g/L 
in the solution. The reaction mixture is stirred continuously at an elevated 
temperature of 30 to 90*'C, preferably 60 to 70°C for 4-24hrs, preferably 6- 
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1 0hrs. The yellow solution darkens after a period of time. The solvent is 
removed by vacuum. A dark product recovered from the reaction is 
washed with cold water and ethanol (to remove any unreacted oxalate) and 
then centrifuged. The supernatant solvent Is decanted leaving a mustard 
yellow solid product. The latter product is suspended in water and stirred at 
an elevated temperature (±70°C) for a brief period of time (±10 minutes). 
The mixture is then filtered and the solvent removed by vacuum from the 
filtrate. In some cases a somewhat sticky product is obtained, which is 
washed with ethanol. The product is then washed with a small portion of 
dmf, rinsed with acetone and oven dried at 50*^0. A pure white oxaliplatin 
product is thus obtained. The overall product yield is approximately 35% 
(based on cis-bis-chloro(fra/?s-€-1,2-dlaminocyclohexane)platinum(ll)) with 
optical purity > 99.94% and chemical purity > 99.5%. The initial ethanol 
wash and treatment with water could be interchanged. 

The tetraalkylammonium oxalate may be prepared by combining one molar 
equivalent of oxalic acid with two molar equivalents of a 40% standardised 
aqueous solution of tetraalkylammonium hydroxide. The solution is stirred 
at room temperature until the oxalic acid is dissolved, whereafter the pH Is 
adjusted to 7 (using the same tetraalkylammonium hydroxide solution 
mentioned above). The solution Is vacuum evaporated in a water bath at 
40°C until a paste was obtained. This product was then dissolved in 
deoxygenated dmf (50 mL), which was left to stand overnight in the dark on 
molecular sieves (SA), 

The processes described above may be used to form many other 
platinum(ll) complexes with neutral bidentate ligands (such as the neutral 
bidentate ligands described in PCT/IB2004/003855, the content of which Is 
Incorporated herein by reference), and makes it possible to form 
platinum(ll) complexes with neutral bidentate ligands that contain donor 
atoms other than N, typically S and Se, for example: 

• neutral bidentate heterocyclic amines with an S donor atom, such 
as thioetherial S containing compounds of the general formula: 
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1-alkyl/aryl-2-alkylthioalkyl/aryl heterocyclic amines, particularly imidazoles 
or pyridines; 

• aminoalkylthioalkyl/aryl compounds; 

• dithioethers for example 2,5-dithiahexane; 

• diselenoethers for example 2,5-diseleno hexane; etc. 

Ligands containing S or Se donor atoms cannot be used in reactions that 
make use of silver compounds, because these atoms react by binding very 
strongly with both platinum and silver ions. 



The following 2-methylthioaIkyl imidazole and pyridine neutral bidentate 
ligands : 

Ligand (i) 1-methyl-2-methylthiomethyl-imidazole 

Ligand (ii) 1-methyl-2-methylthioethyl-imidazole 

Ligand (lii) 1 -methyl-2-methylthiopropyl-imidazole 

Ligand (iv) 1-butyl-2-methylthiomethyl-imldazole 

Ligand (v) 1-butyl-2-methylthioethyl-imidazole 

Ligand (vi) 2-methylthiomethyl-pyridine 

Ligand (vii) 2-methylthioethyl-pyridine 

Ligand (viii) 2-methylthiopropyl-pyridine 



(prepared by the methods described in JGH du Preez, TIA Gerber, W 
Edge, VLV Mtotywa and BJAM van Brecht. Nitrogen Reagents in IVletal Ion 
Separation. XI. The Synthesis and Extraction Behaviour of a New NS 
imidazole Derivative. Solv. Extr. & Ion Exch. (2001) 19(1), 143-154) (the 
content of which is incorporated herein by reference) may be used In the 
below method to prepare the 2-methylthloalkyl complexes of imidazole and 
pyridine (i) to (v) mentioned below. 

Examples of 2-methylthloalkyl complexes of Imidazole prepared by the 
above method are reflected in the structural Formula (I) below where Ri 
and R2 may be selected from alkyi (e.g. CH3, C2H5 etc.) and aryl (e.g. 
phenyl) groups. Typical 2-methylthioalkyl complexes of imidazole are 
complexes (i) to (v) below: 
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O 



N 



Pt I 

\=/ 



o 



Formula (I) 



Complex (i) Ri = CH3 R2= CH3 

Complex (ii) Ri = CH3 R2=C2H5 

Complex (ill) Ri = CH3 R2=C3H7 

Complex (iv) Ri = C4H9 R2= CH3 

Complex (v) Ri = C4H9 R2= C2H5 

The chemical names for the complexes (i) to (v) are: 
Complex (1) oxalato(1 -methyl-2-methylthiomethyl-imidazole)platlnum(ll) 
Complex (ii) oxalato(1-methyl-2-methylthioethyl-lmldazole)platinum(ll) 
Complex (iii) oxalato(1 -methyl-2-methylthiopropyl-imidazole)platinum(ll) 
Complex (iv) oxalato(1-butyl-2-methylthiomethyl-imidazole)platinum(ll) 
Complex (v) oxalato(1-butyl-2-methylthioethyl-imidazole)platinum(II). 

Examples of 2-methylthioalkyl complexes of pyridine of the invention are 
reflected in the structural Formula (II) below where R2 may be selected from 
alkyi (e.g. CH3, C2H5 etc.) and aryl (e.g. phenyl) groups. Typical 2- 
methylthioalkyl complexes of pyridine are compounds (vi) to (viii) below: 
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Formula (II) 

Complex (vi) R2 = CH3 
Complex (vii) R2 = C2H5 
Complex (viii) R2 = C3H7 

The chemical names for the complexes (vi) to (viii) are: 
Complex (vi) oxalato(2-methylthiomethyl-pyridine)platinum(ll) 
Complex (vii) oxalato(2-methylthioethyl-pyridine)platinum(ll) 
Complex (viii) oxalato(2-methylthiopropyl-pyridine)platinum(ll). 

2-methylthioalkyl complexes of imidazole and pyridine mentioned above 
have been shown to have anti-cancer properties 

The following ligands: 

Ligand (ix) 1-amino-2-thiomethyl-ethane 
Ligand (x) 1-amino-2-thioethyl-ethane 

may be used to prepare the following aliphatic aminothioether complexes of 
Pt(ll)oxaIate: 

Complex (ix) oxalato(1-amino~2-thiomethyl-ethane)platinum(ll) 
Complex (x) oxalato(1-amino-2-thioethyl-ethane)platinum(ll). 




New ha[ogenoplatinum(ll) complexes which may be used in the methods of 
this invention include halogenoplatinum(ll) complexex having a neutral 
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bidentate ligand that contains donor atoms other than N, typically S and Se, 
for example: 

• neutral bidentate heterocyclic amines with an S donor atom, such 
as thioetherial S containing compounds of the general formula: 

1-alkyl/aryl-2-alkylthioalkyl/aryl heterocyclic amines, particularly imidazoles 
or pyridines; 

• aminoalkylthioalkyl/aryl compounds; 

• dithioethers for example 2,5-dithiahexane; 

diseleno ethers for example 2,5-diseleno hexane; etc. is prepared. The 
neutral bidentate ligand may be selected from any of ligands i) to x) above. 
The halogenoplatinum(ll) complex may be prepared by reacting a 
platinum(ll) compound such as K2PtX4 where X is a halide such CI, Br or I, 
preferably CI with a suitable neutral bidentate ligand. Typical 
halogenoplatinum(ll) complexes so formed are reflected in the structural 
Formula (III) below where Ri and R2 may be selected from alkyi (e.g. CH3, 
C2H5 etc.) and aryl (e.g. phenyl) groups. 



Complex (xi) Ri 


= CH3 


R2= CH3 


Complex (xii) Ri 


= CH3 


R2=C2H5 


Complex (xiii) Ri 


= CH3 


R2— C3H7 


Complex (xiv) Ri 


= C4H9 


R2— CH3 


Complex (xv) Ri 


= C4H9 


R2= C2H5 



R2 




Formula (III) 



The chemical names for the complexes (xi) to (xv) are: 
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Complex (xi) bis-chloro-(1 -methyl-2-methylthiomethyI-imidazole)platinum(ll) 
Complex (xii) bis-chloro-(1-methyI-2-methylthioethyl-im!dazole)platinum(II) 
Complex (xiii) bis-chIoro-(1-methyl-2-methylthiopropyl-imidazoIe)platinum(ll) 
Complex (xiv) bis-chloro-(1-butyl-2-methyithiomethyWmidazole)pIatinum(ll) 
Complex (XV) bis-chloro-(1-butyl-2-methylthioethyl-imidazole)platinum(ll). 

A preferred halogenoplatinum(ll) complex is bis-chioro-(1-methyI-2- 
methylthiomethyl-imidazole)platinum(ll). This complex has been shown to 
have exceptional anti-cancer properties and this invention extends to the 
application of these halogenopiatinum(ll) complexes as new anticancer 
agents which may be used in methods of treating cancer in patients, and in 
methods of manufacturing medicaments for treating cancer in patients. 

The above methods are advantageous over prior art methods in that: 

(i) They do not result in the formation of insoluble silver chloride which 

must be removed by filtration, 
(li) They do not use silver, and therefore the contaminants associated 

with the silver method are absent. 

(iii) The metastable Pt(frans-£-1 ,2-diaminocyclohexane)(H20)2^'' species 
formed as an intermediate in the silver method which readily leads 
to hydroxo Pt(ll) species, is not present. 

(iv) No free oxalic acid is used in the reaction with the Pt(ll) compound, 
thus its contamination is excluded. 

(v) The use of the non-aqueous solvent and mixed solvent having a 
majority of an aprotic solvent (dmf) greatly lowers the activity of H2O 
in the solvent thus greatly, limits reactions such as hydrolyses and 
0x0 bridge formation and 

(vi) the time to reach the equilibrium of the reaction is significantly 
reduced at the elevated temperature 

The invention will now be described in more detail with reference to the 
following non-limiting examples, in all examples, 1,2-diaminocyclohexane 
= 1,2-diaminocyclohexane and dmf = dimethylformamide. Solvents used in 
the examples are deoxygenated. 
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Example 1 

This example shows a method for preparing optically pure Pt(frans-M ,2- 
diaminocyclohexane)Cl2 which is an intermediate compound in the process 
of the present invention. 

Trans-1 ,2-diaminocyclohexane (5.70g, 50 mmol) is dissolved In water (10 
mL). {-tartaric acid (3.75g, 25 mmol) is added incrementally to the solution 
while continuously stirring and once completely added to the solution, the 
mixture is heated to 90°C. When all the tartaric acid is dissolved, glacial 
acetic acid (5 mL, 85 mmol) is added dropwise while stirring. The mixture 
is heated for 1 hour at 90°C whereafter it is cooled to room temperature. 
The resultant white {-1 ,2-diamlnocyclohexane-^-tartrate is filtered and 
washed twice with cold water (5 mL), 3 times with methanol (5 mL) and 
oven dried. The salt is recrystallized out of hot water and cooled overnight 
at 5°C. 

The recrystallized M ,2-diaminocyclohexane-t-tartrate (18.9g, 72.62 mmol) 
is added to 4 equivalents of sodium hydroxide (11.62g, 290.49 mmol) 
dissolved In water (100 mL). Once the amine has dissolved It Is extracted 
5 times with 100 mL portions of dichloromethane. The extracted 
dichloromethane portions are added together and dried with anhydrous 
sodium sulphate. Most of the solvent is removed by vacuum distillation. 
The last portion of solvent Is removed in atmospheric pressure to avoid the 
amine from distilling under vacuum using an air condenser. Yield: 23% 
(overall). 

The optically pure amine was then applied to prepare optically pure 
Pt(frans-*-1,2-diaminocyclohexane)Cl2 by a method described In Inorganica 
Chimica Acta (1985) 108 : pp 63-66 (the content of which is incorporated 
herein by reference), from pure K2PtCl4. 



Example 2 
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This example shows a first embodiment of the invention for producing 
oxaliplatin by reacting a halogenoplatinum(ll) complex containing a neutral 
bidentate ligand, with a metal oxalate in a mixed solvent system. 

Optically pure Pt(frans-«-1,2-diaminocyclohexane)Cl2 (0.508g, 1.3mmol) 
was dissolved in dmf (93 mL) at 90°C. The solvent ratio was adjusted to 
87:13 dmf:water by adding 14 mL water. One equivalent of cesium oxalate 
(0.508g, 1.3mmol) was dissolved in 4 mL of solvent containing 1 mL dmf 
and 3 mL water. This solution was added drop-wise while stirring to the 
yellow Pt(frans-M ,2-diaminocyclohexane)Cl2 solution. The reaction 
mixture was stirred continuously for 6 hours at 90*^0 in a closed system 
containing a nitrogen atmosphere after which the solvent was removed by 
vacuum. The resultant light yellow solid was washed (4 times) with small 
portions (4 mL) of cold water. The residual solid was suspended in water 
for 10 minutes at 70''C, The solution was filtered and the solvent removed 
by vacuum. The residual cream solid was washed (twice) with small 
portions of dmf (2 mL), finally with acetone and vacuum dried. The white 
solid product proved to be pure oxaliplatin. Optical purity ^99.94%. 
Overall yield from Pt(frans-«-1,2-diaminocyclohexane)Cl2 -25%. 

Example 3 

This example shows a first embodiment of the invention for producing 
oxaliplatin by reacting a halogenoplatinum(ll) complex containing a neutral 
bidentate ligand, with a metal oxalate in a mixed solvent system. 

Optically pure Pt(frans-£-1,2-diaminocyclohexane)Cl2(1.017g, 2.68mmol) 
was dissolved in dmf (176 mL) at gO^'C whereafter 17 mL water was added. 
One equivalent of cesium oxalate (0.947g, 2.68mmol) was dissolved In 13 
mL of solvent containing 3 mL dmf and 10 mL water. This solution was 
added drop-wise while stirring, to the yellow Pt{trans-t-^ ,2- 
diaminocyclohexane)Cl2 solution. The overall solvent ratio achieved at this 
point was 87:13 (dmf:water). The reaction mixture was stirred continuously 
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for 4 hours at 90°C in a closed system containing a nitrogen atmosphere 
whereafter another equivalent of cesium oxalate dissolved in 10.6 mL 
solvent, containing 2.6 mL dmf and 8 mL water, was added drop-wise. 
More water (30 mL) was added to change the solvent ratio to 70:30 
dmftwater. The reaction mixture was again stirred for a further 2 hours 
after which the solution was allowed to cool and the solvent removed by 
vacuum. The resultant pale solid was washed (4 times) with small portions 
(8 mL) of cold water. The residual solid was suspended in water for 10 
minutes at 70°C. The solution was filtered and the solvent removed by 
vacuum. The residual cream solid was washed (twice) with small portions 
of dmf (4 mL), finally with acetone and vacuum dried. The white solid 
product proved to be pure oxaliplatin. Optical purity ^99.94%. Overall yield 
from Pt(trans-C-1 ,2-diaminocyclohexane)Cl2 •^30%. 

Example 4 

This example shows a method for preparing tetrabutylammonium oxalate 
which is used as an intermediate in a second embodiment of the Invention 
for producing oxaliplatin. 

1 molar equivalent of oxalic acid (6.5g, 52.15 mmol) was added to 2 molar 
equivalents of a 40% standardised aqueous solution of 
tetrabutylammonium hydroxide (104.2 mmol). The solution was then stirred 
at room temperature until the oxalic acid had dissolved, whereafter the pH 
was adjusted to 7 (by the addition of tetrabutylammonium hydroxide). The 
solution was vacuum evaporated in a waterbath at 40°C until a paste was 
obtained. The product was dissolved in dry, deoxygenated dmf (50 mL) 
which was left on molecular sieves (3A) overnight in the dark. This 
standard solution of the oxalate was used as such. 

Example 5 



This example shows a second embodiment of the invention for producing 
oxaliplatin by reacting a halogenoplatinum(ll) complex containing a neutral 
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bidentate ligand, with an organic oxalate in a non-aqueous solvent. 

Pt(frans-M,2-diaminocyclohexane)Cl2(0.520g, 1.37mmol) was dissolved in 
80 mL dmf at 70°C to which was added drop-wise while stirring 1.2 
equivalents of a 1.291M dmf solution of tetrabutylammonium oxalate(1.275 
mL, 1 .65mmol). The yellow solution was stirred for 6 hours at 70**C in a 
closed system. During the reaction the solution darkened to brown. After 
reacting the solution for 6 hours the solvent was removed by vacuum. The 
remaining solid was suspended in 20 mL of water and stirred for 10 
minutes at 70°C. The mixture was filtered and the solvent was vacuum 
removed from the filtrate. The residual solid was washed twice with ethanol 
(2x20mL) and finally with 2 mL of dmf. The white product was dried at 
50°C. The optical purity was S:99.94% and chemical purity ^99.5%. Overall 
yield 30%. 

Example 6 

This example shows a second embodiment of the invention for producing 
oxaliplatin by reacting a halogenoplatinum(ll) complex containing a neutral 
bidentate ligand, with an organic oxalate salt in a mixed solvent system. 

Pt{fra77S-«-1,2-diaminocyclohexane)Cl2(1.040g, 2.74mmol) was dissolved in 
140 mL dmf at 60X. 1.5 equivalents of a 1.291 M dmf solution of 
tetrabutylammonium oxalate (3.184 mL, 4.11mmol) was added drop-wise to 
the yellow Pt(frans-M ,2-diaminocyclohexane)Cl2 solution. Distilled water 
(7.6 mL) was added such that the solvent ratio was adjusted to 95:5 
dmf:water. The mixture was stirred constantly for 6 hours at 60°C in a 
closed system under nitrogen. During the reaction the colour of the 
solution changed from yellow to brown. On completion of the reaction time 
the solution was cooled and the solvent removed by vacuum. The 
remaining solid was suspended in 40 mL of distilled water and stirred for 10 
minutes at 70°C. The mixture was filtered and the solvent removed from the 
filtrate by vacuum. The solid residue was washed twice with ethanol 
(2x50mL) and centrifuged. The residual solid was then washed twice with 4 
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mL of dmf, rinsed once with acetone and oven dried at 50°C. The optical 
purity was >99.94% and chemical purity ^99.5%. Overall yield 35%. 

Example 7 

This example shows a scaled-up second embodiment of the invention for 
producing oxaliplatin by reacting a halogenoplatinum(II) complex containing 
a neutral bidentate ligand, with an organic oxalate salt In a mixed solvent 
system. 

Pt(fra/?s-M,2-diaminocyclohexane)Cl2 (4.01 8g, 10.57mmol) was dissolved 
in dmf (490 mL) to which was added 50 mL water. Three equivalents of 
tetrabutylammonium oxalate in dmf solution (26 mL, 31.71 mmol) was 
added drop-wise while stirring to the yellow Pt(fraA7s-t-1 ,2- 
diaminocyclohexane)Cl2 solution. The mixture was stirred for 4 hours at 
approximately 65°C whereafter a further equivalent of Pt(frans-t-1 ,2- 
diaminocyclohexane)Cl2 (3.998g, 10.52mmol) dissolved in dmf (560 mL) 
and 58 mL water was added. The mixture was further reacted at 65''C such 
that the total reaction time was 8 hours. 

The solvent of the reaction mixture was evaporated by vacuum. The 
residual solid was stirred in 320 mL of water for 15 minutes at 70X in a 
nitrogen atmosphere. The suspension was filtered and the solvent vacuum 
removed from the filtrate. The resulted solid was washed twice with 60 mL 
of ethanol and twice with 15 mL of dmf. All the above washings were 
discarded, the resulting cream solid was recrystallized from hot water in a 
nitrogen atmosphere. The white crystalline product was optically pure 
(^99.94%). The chemical purity was ^99.5%. Overall yield: 35%. 

Example 8 

This example shows a method for preparing bis-chloro-(1-methyl-2- 
methylthiomethyl-imidazole)platinum(ll) which is used as an intermediate in 
methods of the invention for producing a platinum(ll) complex. 
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K2PtCl4 (1.012 g, (2.4 mmol) was dissolved in 20 mL water to whicli was 
added dropwise an acetone solution (2 mL) of 1-methyl-2-methylthiomethyl- 
imidazole (0.392 g, 2.7 mmol). The reaction mixture was stirred overnight 
at room temperature whereafter the resultant precipitate was filtered, the 
product washed once with cold water (3 mL) and oven dried at 55**C. 
Chemically pure cream coloured bis-chloro-(1-methyl-2-methylthiomethyl- 
imidazole)platinum(ll) was produced in an 88% yield (0.876 g). 

Example 9 

Anticancer testing on the halogenoplatinum(ll) complex of Example 8 was 
performed and compared with cisplatin. The percentages inhibition of 
Pt(mmtei)Cl2 (where mmtei = 1-methyl-2-methylthioethyl-imidazole) on 
colon cancer cells were 92.8% and 97.0% at 10 and 100 |jM solutions. The 
corresponding values for cisplatin are 85.6% and 93.2%. The 
corresponding data on cervical cancer cells are 88.5 and 95.9% at 10 and 
1 00 |jM solutions. The corresponding values for cisplatin are 85.4 and 95% 
respectively. A further study in which 100 ijM solutions were used in a 
medium containing 10 mM glutathione, the halogenoplatinum(ll) complex 
performed even better, viz. 98.2% inhibition on colon cells (cisplatin 
48.0%); 99.3% on cervical cancer cells (cisplatin 58.6%); and 66.1% on 
breast cancer cells (cisplatin 14%). 
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CLAIMS 

1 . A method for the preparation of a platinunn(ll) complex containing a 
neutral bidentate ligand, the method including the step of reacting a 
halogenoplatinum complex containing a neutral bidentate ligand 
with an oxalate salt in a solvent, wherein more than 1 g/L of the 
oxalate salt is soluble in the solvent. 

2. The method according to claim 1, wherein the halogenoplatinum 
complex containing a neutral bidentate ligand is a 
halogenoplatinum(ll) complex containing a neutral bidentate ligand. 

3. The method according to claim 1 or claim 2, wherein the 
halogenoplatinum complex containing a neutral bidentate ligand is 
reacted with the oxalate at a molar ratio of greater than 1:1. 

4. The method according to claim 3, wherein the halogenoplatinum 
complex containing a neutral bidentate ligand is reacted with the 
oxalate at a molar ratio of between 1:1 and 1:15, 

5. The method according to claim 4, wherein the halogenoplatinum 
complex containing a neutral bidentate ligand is reacted with 
oxalate at a molar ratio of between 1:1 and 1 :5. 

6. The method according to any one of the preceding claims, wherein 
the reaction takes place at a temperature in the range of 40 to 
100°C. 

7. The method according to claim 6, wherein the reaction takes place 
at a temperature in the range of 60 to 90°C. 

8. The method according to any one of the preceding claims, wherein 
the reaction takes place in a non-aqueous solvent or in a mixed 
solvent system. 



wo 2006/024897 



PCT/IB2005/000570 



-24- 

9. The method according to claim 8, wherein the non-aqueous solvent 
is an organic liquid. 

10. The method according to claim 9, wherein the organic liquid is an 
amide. 

11. The method according to claim 10, wherein the amide is 
dimethylformamide (dmf). 

12. The method according to any one of the preceding claims, wherein 
the neutral bidentate ligand is an amine. 

13. The method according to claim 12 wherein the amine is 
cyclohexane-1 -2-diamine. 

14. The method according to any one of claims 1 to 11 wherein the 
neutral bidentate ligand contains donor atoms other than N, or N 
together with a donor atom other than N. 

15. The method according to claim 14, wherein the neutral bidentate 
ligand contains S or Se. 

16. The method according to claim 15, wherein the neutral bidentate 
ligand is a heterocyclic amine with a S donor atorh. 

17. The method according to claim 16, wherein the neutral bidentate 
heterocyclic amine contains a thioetherial S donor atom. 

18. The method according to claim 17, wherein the neutral bidentate 
ligand is a 1-alkyl/aryl-2-alkylthioalkyl/aryl heterocyclic amine, 

19. The method according to claim 18, wherein the heterocyclic amine 
contains an imidazole or pyridine group. 
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20. The method according to claim 19, wherein the neutral bidentate 
ligand is: 



21. The method according to claim 14, wherein the neutral bidentate 
ligand is an aminoalkylthioalkyl/aryl compound. 

22. The method according to claim 21, wherein the neutral bidentate 
ligand is: 



23. The method according to claim 22, wherein the neutral bidentate 
ligand Is a dithioether. 

24. The method according to claim 23, wherein the neutral bidentate 
ligand is Ligand (xi) 2,5-dithiahexane. 

25. The method according to claim 14, wherein the neutral bidentate 
ligand is a diselenoether. 

26. The method according to claim 25, wherein the neutral bidentate 
ligand is Ligand (xii) 2,5-diselenohexane. 



Ligand (i) 
Ligand (ii) 
Ligand (iii) 
Ligand (iv) 
Ligand (v) 
Ligand (vi) 
Ligand (vii) 
Ligand (viii) 



1-methyl-2-methylthioethyl-imidazole, 

1-methyl-2-methylthiopropyl-imidazole, 

1-butyl-2-methylthiomethyl-imidazole, 

1- methyl-2-methylthiomethyl-imidazole, 
1 -butyl-2-methylth ioethyl-i midazole , 

2- methylthlomethyl-pyridine, 
2-methylthioethyl-pyridine, or 
2-methylthiopropyl-pyridine. 



Ligand (ix) 
Ligand (x) 



1-amino-2-thiomethyl-ethane, or 
1 -amino-2-thioethyl-ethane. 
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27. The method according to any one of the preceding claims wherein 
the halogen in the halogenoplatinum(ll) complex is CI, Br or I. 

28. The method according to claim 27, wherein the halogen in the 
halogenoplatinum(ll) complex is CI. 

29. The method according to any one of the preceding claims, wherein 
the halogenoplatinum(ll) complex containing a neutral bidentate 
ligand is optically pure in the case of chiral compounds. 

30. The method according to claim 1 , wherein the oxalate is a metal 
oxalate or an organic oxalate salt. 

31. The method according to claim 30, wherein the oxalate is a metal 
oxalate and the solvent is a mixed solvent system. 

32. The method according to claim 31, wherein the metal oxalate is an 
alkali metal oxalate. 

33. The method according to claim 32, wherein the metal oxalate is 
rubidium or cesium oxalate. 

34. The method according to claim 33, wherein the metal oxalate is 
cesium oxalate. 

35. The method according to any one of claims 31 to 34, wherein the 
mixed solvent system is a mixture of an amide and water. 

36. The method according to claim 35, wherein the amide is 
dimethylformamide (dmf). 

37. The method according to claim 36, wherein the ratio of dmf to water 
is 60:40 to 90:10 by volume. 
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38. The method according to claim 37, wherein the ratio of dmf to water 
is 70:30 by volume to 90:10 by volume. 

39. The method according to any one of claims 31 to 38, wherein the 
solubility of the metal oxalate in the solvent is greater than 2 g/L. 

40. The method according to claim 39, wherein the solubility of the 
metal oxalate in the solvent is greater than 3 g/L. 

41. The method according to claim 40, wherein the solubility of the 
metal oxalate in the solvent is about 5 g/L 

42. The method according to any one of claims 31 to 38, wherein the 
bis-halogenoplatinum(ll) complex containing a neutral bidentate 
ligand is dissolved in the organic liquid and thereafter water is 
added to provide a solvent which is a mixture of organic liquid and 
water. 

43. The method according to any one of claims 31 to 38, wherein the 
metal oxalate is dissolved in a mixture of organic liquid and water 
and added to a solvent containing the halogenoplatinum(ll) complex 
containing a neutral bidentate ligand. 

44. The method according to any one of claims 31 to 43, wherein the 
reaction takes place at a temperature In the range of 40 to 100°C. 

45. The method according to claim 44, wherein the reaction takes place 
at a temperature in the range of 80 to 100°C. 

46. The method according to claim 45, wherein the reaction takes place 
at a temperature of 90°C. 
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47. The method according to any one of claims 31 to 46, wherein 
halogenoplatinum(ll) complex is bis-chloro-ffrans-JI-l ,2- 
diamonocyclohexane)platinum(ll). 

48. The method according to claim 47, wherein halogenoplatinum(ll) 
complex is cis-bis-chloro-(frans-M ,2- 
diaminocyclohexane)platinum(II). 

49. The method according to claim 1, wherein the oxalate is an organic 
oxalate salt, and the solvent is a mixed solvent system or a non- 
aqueous solvent. 

50. The method according to claim 49, wherein the organic oxalate salt 
is a tetra-alkyi or aryl ammonium compound. 

51 . The method according to claim 50, wherein the organic oxalate salt 
is a tetramethylammonium, tetraethylammonium, 
tetrapropylammonium, tetrabutylammonium or 
tetraphenylphosphonium oxalate. 

52. The method according to claim 51 , wherein the organic oxalate salt 
is tetrabutylammonium oxalate. 

53. The method according to any one of claims 49 to 52, wherein the 
mixed solvent system is a mixture of a non-aqueous solvent and 
water, 

54. The method according to claim 53, wherein the non-aqueous 
solvent is dimethylformamide (dmf). 

55. The method of claim 54, wherein the dmf and water are at a ratio of 
90:10 by volume to 95:5 by volume. 
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56. The method according to any one of claims 49 to 52, wherein the 
solvent is a non-aqueous solvent. 

57. The method according to any one of claims 49 to 56, wherein the 
organic oxalate salt has a solubility in the solvent of greater than 2 
g/L. 

58. The method according to claim 57, wherein the organic oxalate salt 
has a solubility in the solvent of greater than 10 g/L. 

59. The method according to claim 58, wherein the organic oxalate salt 
has a solubility in the solvent of greater than 50 g/L. 

60. The method according to claim 59, wherein the organic oxalate salt 
has a solubility of greater than 100 g/L 

61. The method according to claim 49, wherein the halogenoplatinum(ll) 
complex containing a neutral bidentate ligand is dissolved in the 
organic liquid and the organic oxalate salt is dissolved in the organic 
liquid and added to the solvent containing the halogenoplatinum(ll) 
complex containing a neutral bidentate ligand. 

62. The method according to any one of claims 49 to 61, wherein the 
reaction takes place at a temperature of 50 to 70°C. 

63. The method according to claim 62, wherein the rieaction takes place 
at a temperature of 60°C. 

64. The method according to claim 49, wherein water is added to the 
organic liquid after the cis-bis-halogeno(trans-E-1,2- 
diaminocyclohexane)platinum(ll) has been dissolved in the organic 
liquid. 
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BS. A method for the preparation of an oxalatoplatinum(ll) complex 
containing a neutral bidentate ligand, the method including the step 
of reacting a halogenoplatinum complex containing a neutral 
bidentate ligand with a water soluble metal oxalate other than silver 
oxalate. 

66. A method for the preparation of an oxalatoplatinum(ll) complex 
containing a neutral bidentate ligand, the method including the step 
of reacting a halogenoplatinum complex containing a neutral 
bidentate ligand with an organic oxalate salt, 

67. The method according to any one of claims 31 to 66, wherein the 
oxalatoplatinum(ll) complex containing a neutral bidentate ligand is 
oxaliplatin. 

68. A halogenoplatinum(ll) complex comprising a neutral bidentate 
ligand containing S or Se donor atoms. 

69. The halogenoplatinum{ll) complex according to claim 68, wherein 
the neutral bidentate ligand is a heterocyclic amine containing a S 
donor atom, 

70. The halogenoplatinum(ll) complex according to claim 69, wherein 
the neutral bidentate heterocyclic amine includes a thioetherial S 
atom, 

71. The halogenoplatinum(ll) complex according to claim 70, wherein 
the neutral bidentate ligand is a 1-alkyl/aryl-2-alkylthioalkyl/aryl 
heterocyclic amine. 



72. The halogenoplatinum(ll) complex according to claim 71, wherein 
the heterocyclic amine contains an imidazole or pyridine group. 
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73. The halogenoplatinum(ll) complex according to claim 72, wherein 
the neutral bidentate ligand Is: 



LIgand (viii) 2-methylthiopropyl-pyridlne. 

74. The halogenoplatinum([l) complex according to claim 68, wherein 
the neutral bidentate ligand is an aminoalkylthioalkyl/aryl compound. 

75. The halogenoplatinum(ll) complex according to claim 74, wherein 
the neutral bidentate ligand is: 

Ligand (Ix) 1-amino-2-thiomethyl-ethane, or 
Ligand (x) 1-amino-2-thioethyl-ethaine. 

76. The halogenoplatinum(ll) complex according to claim 68, wherein 
the neutral bidentate ligand is a dithioether. 

77. The halogenoplatinum(ll) complex according to claim 76, wherein 
the neutral bidentate ligand is Ligand (xi) 2,5-dithiahexane. 

78. The halogenoplatinum(ll) complex according to claim 68, wherein 
the neutral bidentate ligand is a diselenoether. 



Ligand (i) 
Ligand (ii) 
Ligand (iii) 
Ligand (iv) 
Ligand (v) 
Ligand (vi) 
Ligand (vii) 



1-methyl-2-methylthioethyl-imidazole, 
1-methyl-2-methylthiopropyl-imidazole, 
1-butyl-2-methylthiomethyl-imidazole, 
1-methyl-2-methylthiomethyl-imidazole, 

1- butyl-2-methylthioethyl-imidazole, 

2- methylthiomethyl-pyridine, 
2-methylthioethyl-pyridine, or 



79. The halogenoplatinum(ll) complex according to claim 78, wherein 
the neutral bidentate ligand is Ligand (xii) 2,5-diselenohexane. 
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80. The halogenoplatinum(ll) complex according to any one of claims 
68 to 79, wherein the halogen in the halogenoplatinum(ll) complex 
is CI, Br or I. 

81. The halogenoplatinum(ll) complex according to claim 80, wherein 
the halogen in the halogenoplatinum(ll) complex is CI. 

82. Bis-chloro-(1 -methyl-2-methylthiomethyl-imidazole)platinum(l I). 

83. Bis-chloro-(1-methyl-2-methylthioethyl-imidazole)platinum(ll). 

84. Bis-chloro-(1-methyl-2-methylthiopropyl-imidazole)platinum(ll). 

85. Bis-chloro-(1-butyl-2-methylthiomethyl-imidazole)platinum(ll). 

86. Bis-chloro-(1-butyl-2-methylthioethyl-imidazole)platinum(ll). 

87. A method of treating cancer in a patient, the method including 
administering a halogenoplatinum(ll) complex as defined in any one 
of claims 68 to 86 to the patient. 

88. A halogenoplatinum(ll) complex as defined in any one of claims 68 
to 86, for use in a method of treating cancer in a patient. 

89. The use of a halogenoplatinum(II) complex as defined in any one of 
claims 68 to 86 in a method of manufacturing a medicament for use 
in a method of treating cancer in a patient. 
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